Enhanced induction of heme oxygenase-1 suppresses thrombus formation and affects the protein C system in sepsis.
Heme oxygenase-1 (HO-1) displays anti-inflammatory and cytoprotective activities in sepsis. Here, we investigated the effects of HO-1 on thrombus formation and the protein C system in a septic C57BL/6 mouse model induced by cecal ligation and perforation (CLP). Septic mice were either preinjected with the vehicle, pretreated with hemin (an HO-1 inducer) or zinc protoporphyrin IX (ZnPP, an HO-1 inhibitor), or given a combination of hemin + ZnPP. CLP increased significantly the hepatic expression of HO-1; increased thrombosis in livers, kidneys, and lungs; shortened the prothrombin time (PT) and activated partial thromboplastin time (APTT); elevated the levels of tumor necrosis factor-1α (TNF-1α), interleukin-6 (IL-6), and thrombomodulin (TM); reduced the levels of protein C (PC) and activated protein C (aPC); and downregulated hepatic expression of PC and TM. The preadministration of hemin to septic mice increased the expression and activity of HO-1; inhibited thrombosis in the preceding 3 organs; prolonged PT and APTT; inhibited the production of TNF-α and IL-6; upregulated the expression of PC and TM in livers; elevated the plasma levels of PC and aPC; and reduced the plasma levels of TM. In contrast, ZnPP showed opposite effects to hemin and reversed the effects of hemin by inhibiting the activity of HO-1. The administration of tricarbonyl dichloro ruthenium (II) dimer (CORM-2), which is a CO-releasing molecule, had a similar effect to hemin on thrombosis and the protein C system. The data indicate that the enhanced induction of HO-1 inhibits thrombus formation and affects the protein C system in sepsis.